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Pulmonary complications a re the most prevalent
causes of morbidity a nd mortality in pati en ts who
undergo surgical procedures. Simple pulmonary
function tests which can detect pulmo nary dysfunction may be pe rfo rm ed preopera tively. If prope r
measures are taken ( chest ph ysiot herapy, postural drain age, bronchodilating agents , a ntibio tics,
humidification of inspired gases, cessation of c iga rette
smoking), morbidity a nd mortality can be reduced
significantly.
Pulmona ry function tests are especially important in patients with borderline pulmo na ry rese rve
who need major surgery. After object ive evalu ation ,
the a nesthesio logist and th e surgeo n ca n prov id e
better care for the pat ie nt. Th ese stud ies may also
suggest the p ati ents who are mo re lik ely to develop
postoperative complications.
In many pa tient s, a thorou gh med ic al hi sto ry
and physical exa min ation. in addition to a complete
blood count with differenti al, urin alysis, elec trol ytes.
BUN, and chest x-ray , ofte n will give sa ti sfac tory
information , and many patients will not need pulmon ary function testin g prior to anesth es ia a nd
surgery.
Should hi sto ry and ph ysical exa min ati o n show
th at pulmona ry function tes ts a re indica ted, th ey will
also indicate the type of tests to be carried out. A
history of chronic productive cough, dy spnea, pleuritic chest pain , occup ation al re spirato ry haza rd s,
frequent past episodes of pneumoni a, pleuri sy, chest
colds, and sudden reduction in strength should
strongly suggest poss ibl e pulmona ry d ysfuncti o n.
Findings on examination of th e chest such as
prolonged expiration, diffu se or loc ali zed wh eezing,
absent breath sounds, rales , chest-wall deformities
and scars, hypertrophy of scalene mu scles, and pul• Presented a t th e 25th Annual Stoneburner Lecture
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monary osteoarthropathy aga in should suggest possible abno rm alities in lung functi on, and proper pulmon ary function tests sho uld be performed.
There are a variety of pulmonary function tests
which may be used to detect dys function . In gene ral , they can be divid ed into two groups:
I. Those rel ating to the ventilatory function of
the lungs and thoracic wall.
2. Those rel ating to pulmonary gas exchange.

Ventilatory Function Tests. Ventilatory functio n is determined by measurement of static lung
volumes. These are somewhat indicative of th e elastic
resistance of th e lun gs a nd chest wall a nd dynamic
lung co mpartm ents; th ese tests are mainly a refl ection of non elasticity.
Static Lung Volumes. Static lung volumes are
assessed by meas urin g th e vital capacity which
changes according to height , age, and sex. Full cooperation of th e patient durin g th e procedure is
esse ntial. Int egrity of th e entire re spiratory system
( respiratory centers, th orax, th e connections between
these two, chest wall, pleura, lung paranchyma, and
airw ays) is necessa ry fo r norm al vital capacity.
If a person has less than predicted normal vital
capacity, by definition he has restrictive lun g di sease.
Normal values range ± 15 % of the predicted. As an
isolated te st, vital capacity is of limited clinical value
in differenti al diagnosis of diseases of the chest.
However, serial me asurements of vital capacity may
be helpfu l in assess ing the degree of improvement or
worsening in certain conditions such as neuromuscular disorders, or diffu se interstitial pulmonary
fibrosis .
Dynamic Lung Volumes. More important informat ion could be obtained by measuring timed
vital ca pac ity or forced vital capacity. A young
or middle-aged normal perso n should be able to exhale 80 % of his vital capacity in one second and
97 % in three seconds. If the ratio betwee n o ne131
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second fo rced expiratory volume ( F EY,.,) , ove r
fo rced vit al capac ity ( FYC) is less th an 80%, he is
considered to have obst ructive lung di sease. Diminution in FEY ,., to a liter or less ind ic ates seve re
impa irm ent of ve ntil ato ry function and a somewhat
poor surgical risk.
Expiratory fl ow rates ca n be determin ed at
di ffere nt points d urin g fo rced ex pi rato ry curve. Th e
fo rces tending to red uce the size of a irways (pe ribro nchi al pressure and the fo rce ge nerated by co nstriction of bronchi a l muscles) are bala nced by those
attem pt ing to increase the size of airways (int ralumin al p ressure and radi al tracti on of elastic fibers).
During fo rced ex halati on, the alveolar pressure a nd
the intrathorac ic p ress ure are greater th an atm ospheric press ure. The int ra mu ral pressure decreases
gradu all y from pe riphera l a irways to atm ospheric
pressure at the a irway opening. At some di stance in
the airway, intralumi na l and pleural pressures a re
equ al. This is ca ll ed th e poin t o f equ al press ures.
Beyond th is point, int ralumin al pressure is less th a n
pl eura l press ure; thi s wo uld tend to narrow airways,
thus limiting fl ow.
In pati ents with altered and mo re coll apsible
airways, fl ow is limited at lowe r leve ls of pl e ural
p ress ure. The max im al fl ow rate p rod uced by fo rced
ex halati o n depends upo n the leve l of lung infl ation.
At max imum lung infl ati on, ex pi ratory fl ow inc reases
as the pressure increases. At lower lung volumes,
ex pi ratory fl ow inc reases as pressure increases up to
a ce rtain level, afte r whic h more effort cannot increase and may eve n decrease fl ow rate. This ex pl ains
why the max imum mi d-ex pi ra tory fl ow rate ( MMFR
or F EF 25 %-75%) is th e most sensitive test for expi ra tory fl ow ra te determin atio n sin ce the initi al
25 % of th e FYC is prim aril y effo rt-dependent a nd
the last 25 % affected by diminished lung volumes .
The MMFR measures th e max imum rate of fl ow
in th e mid porti on of F VC cur ve ( F EF 25% - 75% ) .
(Th e length of tim e necessa ry to ex hale the middle
50 % of th e fo rced vit al ca pacity is meas ured and
fl ow rate is ca lcul ated.) Norma l values are 3-4.5 L
per second . It sho ul d be emph as ized th at small a irways ( 2 mm in di a meter ) are only res po nsib le fo r
approx im ately 15%-20% of the total a irway resistance, so ma rk ed increases in periph eral or small
airways will not be detected by the co nve nt ional tes ts
such as F E V ,,, or MMFR.
In the ea rl y stages of ch ronic bro nchiti s, pulmonary emphyse ma, and bronchiectas is there is a
significa nt degree of involvement of the small a ir-

ways. In the ea rly stages of these co nditi ons , frequ ency-depend ent dynamic compli ance and alveolar
arteri al oxygen tension gradi ent, A-a PO,, may
detect pulmo nary dysfun cti on. For clinical purposes,
howeve r, simpl e spirometric studies with measurements of FYC, FEY ,,,, and MMFR are sati sfactory.
Imp rovement s in fl ow rates after administration of
bronchod ilating age nts suggest the prese nce of parti all y reve rsibl e obstruction . One-seco nd fo rced expi ratory volume x 30 gives indirec t measurement
of max imum voluntary ventil ati on ( MYY ).
If a bedside stu dy of ve ntil atory functio n is desired , a Wright R espirometer may be used for measuring tid al volum e and inspiratory ca pacity. A Peak
Flow Meter may also be used for measuring peak
fl ow rates.
Failure to blow out a lighted match held six
inches away from the wide-ope n mouth again suggests signific ant reductio n in fl ow rates.
In ge neral, patients with obstructive lung di sease
a re mo re prone to devel op posto perative pulmonary
complic atio ns such as atelectas is and broncho-pneumoni a. This is why pulmona ry function testing is
import ant fo r determining th e type of ph ys iologic abnorm ality prese nt so th at proper measures can be
taken to imp rove potenti all y reversibl e abno rm aliti es.
Pulmonary Gas Exchange. One of the most import a nt functi ons of th e lungs is alveol a r gas exch a nge which involves the foll owing processes:

1.
2.
3.
4.

Ventil ation
Uniform distributio n of inspired ai r
Diffusion
Pulmo na ry capillary blood fl ow

No rm al alveola r gas exchange ma intains partial
p ress ures of oxyge n and ca rbo n diox ide in th e
a rteri al blood within no rm al limits not only at rest,
but also d uring increased ph ysic al activity and body
metabo lism. A bn orm ality in any of th e above processes or in any combin ations of th e fo ur, results in
hypoxe mi a o r hypoxe mi a a nd hype rcapni a if the
person is breathing room a ir.
Arter ial gas studies indicate :
I . T he leve l of ox yge nation (P0 2 in mm of
Hg )
2. The level of ventil ation (PCO, in mm of
Hg. )
3. The hydroge n ion activity (pH)

The above dete rmin ations a re extre mely impo rt ant
in all se ri ously ill pati ent s.
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It is often impossible to judge the levels of
ventilation and oxygenation by clinical evaluation
alone. There is much overlapping between signs and
symptoms related to hypoxemia and hypercapnia:
nervousness, headache, irritability, confusion, coma,
altered blood pressure, tachycardia, etc. Sometimes
signs and symptoms related to hypoxemia and hypercapnia are absent and only by measurements of
arterial gas studies can the level of ventilation and
oxygenation be determined and appropriate treatment initiated.
An A-a P0 2 gradient greater th an IO mm
Hg on room-air breathing indicates a defect in blood
gas equilibrium. The three primary mechanisms of
increased A-a P0 2 gradient are impaired diffusion ,
venous-to-arterial shunting of blood, and abnormal
ventilation / perfusion ratios in the lung.
The amount of true venous-to-arterial shunt is
determined by hav ing the person breathe I 00 %
oxygen for 15 to 20 minutes. Normally, arteri al
PO, will increase to about 600 mm Hg. The observation of increased A-a P0 2 gradient on breathing
room air and of a P0 2 greater th an 550 mm Hg
while breathing oxygen indicates th at mismatching
of the distribution of ventilation and perfusion in the
lungs is the cause of hypoxemia.
The observation of high A-a P02 gradient
on room air in the presence of norm al spirometric
studies may also suggest peripheral airway disease .
Whenever possible, arterial blood gas studies
should be obtained at rest, after exercise, and sometimes after the administration of I 00 % oxygen
for 15 to 20 minutes. The above studies may give
valuable information in the evaluation and follow-up
of patients with respiratory disease .
Normal arterial blood O, at sea level is found
in two forms:
I. Dissolved 0 2 (0.3 ml per 100 ml per 100
mm Hg)
2. Oxyhemoglobin (Hb O, 19.7 ml per 100
ml)
Normally, the total O, content of arterial blood
is approximately 20 ml per I 00 ml. The amount of dissolved 0 2 present is linearly related to arterial 0 2
tension . If partial pressure of 0 2 in arterial blood is
600 mm Hg, there is approximately 1.8 ml of physically dissolved 0 2 per 100 ml blood.
On the other hand, the relation between oxyhemoglobin and partial pressure of 02 is S-shaped.
If P0 2 is 100 mm Hg, oxygen saturation is 96 % to
98 %. If P0 2 is 60 mm Hg, oxygen sa turation is
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approximately 90 %. In the flat portion of this curve,
a large decre ase in 02 tension causes only a small
drop in oxygen saturation . However, at the steep
portion of this curve, a small reduction in 0 2 tension
causes a large diminution of 0 2 saturation.
For instance , a drop of O, tension from 40 mm
Hg to 27 mm Hg causes a reduction of saturation
or O, content of approximately 25 % . A high CO 2
tension and increased H ' ion ac tivity shifts this
curve to the right. This is called the Bohr effect. Increased temperature and increased 2-3 DPG (2-3
Diphosphoglycerate) of the red blood cells can also
shift this curve to the right. A low PCO,, a high
pH, a low temperature, and a low 2-3 DPG causes
a shift to the left. Normally, a shift to the left in the
lungs helps the loading of O, with hemoglobin. A
shift to the right at tissue levels helps unloading of
02 to ti ssues.
There are four causes of hypoxemia on breathing ambient air at sea level:
I. Uneven V/Q
2. Venous-to-arterial shunt
3. Alveolar hypoventilation
4. Impaired diffusion
In clinical medicine, uneven V / Q is the most
common cause of hypoxemia. However, in a given
case, there is more than one factor responsible for
hypoxemia.
Arterial PC0 2 indicates the balance between
CO, produced at the tissue level and CO2 eliminated
by alveolar ventilation .

..

PaCO,oo

vco,
VA

Normally, alveolar ventilation is proportional
to CO, production which is related to the rate of
metabolism. In any given person at any given time,
CO 2 production is at a certain level and only alveolar
venti lation could change arterial PCO,. In conclusion, we can say that the level of PC02 indicates
the level of ventilation.
Hydrogen ion activity is determined by measurement of pH. According to the Henderson-Hasselbalch equation:
pH

PK'+ 1
(HCO,)
og PCO, X 0.03

pH= 6 .1 + log

24

Ll
20

pH

6.1 + log

pH

6. 1 + 1.3 = 7.40

1
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Th e ratio of HCO:i a nd disso lved CO 2 determin e th e
pH. As long as thi s rati o is 20, the pH should be
norm al.
There are four prim ary o r s impl e ac id-base
disturb ances as we ll as combined or mi xed acid -b,1s~
di sturbances. Primary increase or decrease in PC02
indicates respiratory ac id osis or alk alos is respectively. Primary increase or decrease in H CO:i indic ates metabolic alk alosis or ac idosis res pec ti ve ly.
The fo llow ing a re so me indica ti ons for pu lm onary functi on testing:
I . To determin e the type of physiologic alt eration present.
2. To qu antit ate the degree of functi onal impairment.
3. To initi ate therapy on a more rati ona l
phys iol og ic al basis a nd objecti vely fo ll ow th e
efficacy of therapy.
4. Preopera tive ri sks eva lu ati on. R e : a nesth es ia
a nd surge ry.
The fo llowing arte ri al gas studies we re obtai ned
on room ai r in a 60-year-old man with chronic obstructive pu lm onary di sease (COP D ):
P0, :60 mm Hg
PC0, :55 m m Hg
p H: 7.34

no rmaliti es, elec ti ve ga ll bladder surgery was postponed for se ven days and th e patient was given chest
ph ys iot herapy , postural drainage, bronch od il ating
age nt s. ant ibio tics. and humidified inspired air. He
stopped smok in g. Postopera ti ve statu s was entirely
unremarkable.
In conc lu sion , if hi story and physical examination indicate pulmon ary dysfunc ti on, simpl e pulmonary funct ion tests shou ld be obtai ned and proper
measures taken to reduce morbidity and mortality in
surge ry pat ie nt s, espec ially th ose with und erl ying
chroni c lung d ise ase.
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